T herapy with replacement surfactant, sometimes called exogenous surfactant, is known to improve survival rates when given to preterm infants either at birth or later in those with obvious respiratory distress. 1 Since the advent of exogenous surfactant in 1991 in the state of Victoria, Australia and with increases in the proportions treated with antenatal steroids and intensive care, the survival rates for extremely low birthweight (ELBW; birth weight 500-999 g) infants have increased dramatically, from approximately one in four in the 1970s, to three in four in the late 1990s on a regional basis. 2 ELBW or very preterm children born before the 1990s have been reported to have higher rates of neurosensory impairments, such as cerebral palsy (CP), blindness, deafness, or intellectual impairment, and disabilities imposed by these impairments in early childhood compared with normal birthweight (NBW, birth weight .2499 g) controls. 3 4 Within the ELBW population, infants of birth weight of ,750 g are at even higher risk of adverse neurosensory outcome in early childhood. 5 6 As proportionally more of these children are now surviving, the rates of neurosensory impairments and disabilities in ELBW survivors are likely to increase, unless there is a concomitant improvement in neurological outcome overall. However, little is known about neurosensory outcomes at school age for regional cohorts of ELBW children born in the1990s and how their outcomes compare with children born in the era before surfactant was widely available.
The aims of this study were to determine the neurosensory outcome at 8 years of age of ELBW children born in the 1990s relative to NBW controls, to contrast the neurosensory outcome in birthweight subgroups, and to compare their neurosensory outcome with earlier ELBW cohorts born in the same region.
METHODS
Births 1991-92: ELBW and NBW The ELBW cohort born between January 1, 1991 and December 31, 1992 comprised 241 survivors to 8 years of age out of 429 consecutive live births with birth weights of 500-999 g in the state of Victoria, Australia, a survival rate of 56.2%. The NBW cohort comprised 265 randomly selected children of birth weight of .2499 g born in one of the three level III perinatal centres in Victoria, 262 of whom survived to 8 years of age. Controls were born on the expected date of birth of an ELBW child and matched for gender, the mother's country of birth (English speaking or not), and health insurance status (private health insurance or not). All children were enrolled in the newborn period in a prospective longitudinal study of growth and development throughout childhood; outcomes at 2 and 5 years of age for these children have been reported. 7 8 Written informed consent was obtained from parents of NBW children. Follow up was considered routine clinical care for the ELBW/very preterm children. The Research and Ethics Committees of the Royal Women's Hospital, Melbourne, approved these follow up studies.
Survivors were assessed at 8 years of age by paediatricians and psychologists blinded to perinatal details, predominantly in specialised follow up clinics, although a few were tested at school or home if they could not attend the clinics. Contact was maintained with families by nurse coordinators at each Abbreviations: 95% CI, 95% confidence interval; CP, cerebral palsy; ELBW, extremely low birthweight; NBW, normal birthweight; RCT, randomised controlled trial; SD, standard deviation; WISC-III, Wechsler Intelligence Scale for Children -Third Edition; WISC-R, Wechsler Intelligence Scale for Children -Revised of the three main testing sites; contact included annual greeting cards, and parents were encouraged to notify changes of contact. There were nine different paediatricians and four different psychologists who assessed the children in all three cohorts. As each new paediatrician or psychologist joined the assessment teams, the current members taught them until their performance was considered satisfactory. There was, however, no formal testing of agreement or reliability.
Impairments included CP, blindness, deafness, and intellectual impairment (IQ ,21 standard deviation (SD) relative to the mean and SD for NBW controls). Cognitive ability was assessed using the Wechsler Intelligence Scale for ChildrenThird Edition (WISC-III). 9 Some children with significant neurosensory impairments were not able to complete the WISC-III because of severe intellectual impairment and were assigned an IQ of 24, equivalent to a score of 40 for a mean of 100 and SD of 15 10 They had been assessed by techniques similar to those described for the 1991-92 cohorts, but cognition was assessed with the previous version of the WISC, the Wechsler Intelligence Scale for Children -Revised (WISC-R). 11 As the initial report at 8 years of age did not compare cognition with contemporaneous NBW controls, we re-evaluated their cognitive test scores relative to a randomly selected cohort of 60 NBW children born in one of the level III maternity hospitals in the state in 1981-82.
The 1985-87 ELBW cohort comprised 212 consecutive survivors to 8 years of age from 560 live births, a survival rate of 37.9%. Their outcome at 2 and 5 years of age has been previously reported. 12 13 Their outcome at 8 years of age was assessed using techniques identical to the 1991-92 cohorts, including the WISC-III. We did not, however, have a contemporaneous NBW comparison group, so we used the results of the NBW children born in 1991-92.
Statistical analyses
The initial comparison of interest was between the ELBW cohort and the NBW controls born in 1991-92. We then compared outcomes within ELBW children alone born in the three eras 1979-80, 1985-87, and 1991-92. Within the ELBW cohorts we contrasted the outcome between the smallest (birth weight 500-749 g) survivors and their slightly heavier (birth weight 750-999 g) counterparts.
Data were analysed by SPSS for Windows, version 12.0.2 (SPSS, Chicago, IL). Between group differences for dichotomous outcome data were analysed by x 2 analysis, or by x 2 for linear trend, and for continuous data by t test, computing mean differences and 95% confidence intervals (95% CIs).
RESULTS

1991-92 cohorts
The follow up rate at 8 years of age for the 1991-92 ELBW cohort was 92.9% (224/241), and 85.1% (223/262) for the 1991-92 NBW cohort. The mean (SD) age of assessment was 8.7 (0.4) years in the ELBW cohort, and 8.9 (0.4) years in the NBW cohort. Of the 17 ELBW children not assessed at 8 years of age, four were lost to follow up, nine refused, and four were inaccessible, usually living in another country. Of the 17 ELBW children, 14 had been assessed earlier in childhood: two (14.3%) had severe disability, three (21.4%) had moderate disability, three (21.4%) had mild disability, and six (42.9%) were non-disabled. Of the 39 NBW children not assessed at 8 years of age, 22 were lost to follow up, 13 refused, and four were inaccessible. Of the 39 NBW children, 22 had been assessed earlier in childhood: none had severe disability, one (4.5%) had moderate disability, two (9.0%) had mild disability, and 19 (86.4%) were non-disabled. Two NBW children were assessed at 8 years of age in another state but did not have cognitive testing. At 8 years of age, 28 (12.5%) children in the ELBW cohort exhibited significant neurosensory impairments: three were blind, three were deaf and required hearing aids, and 24 had CP (two of whom were also blind) (table 1). Of those diagnosed with CP, 12 children were classified as mild, four as moderate, and eight as severe. In contrast, only one child in the NBW cohort was diagnosed with CP (p,0.001). The full scale IQ for the 209 ELBW children able to be tested was significantly lower than in the 220 NBW children tested (mean difference 210.0, 95% CI 212.8 to 27.1; table 1). Consistent with this finding, the rate of intellectual impairment was significantly higher in the ELBW group compared with the NBW group (table 1).
Comparison with earlier ELBW cohorts
The follow up rates at age 8 years were 98% (87/89) for the 1979-80 ELBW cohort, and 97% (206/212) for the 1985-87 ELBW cohort. Table 2 lists the rates of neurosensory impairments for the ELBW cohorts over the three distinct eras. The rates of CP and deafness were similar for each ELBW cohort. However, the rate of blindness fell significantly over time from 6.9% in 1979-80 to 1.1% in 1991-92. Mean IQ scores in those able to be tested were similar, but were not compared statistically as the IQ test was not identical for each cohort. While the rate of intellectual impairment decreased marginally from 1979-80 to 1991-92, the severity of impairment was not significantly different in ELBW survivors in any pairwise comparison between eras. Within the 500-749 g birthweight subgroup, the only statistically significant difference found across eras was that survivors born in 1985-87 had substantially lower rates of disability than those born in 1979-80 (p = 0.017). On the other hand, within the 750-999 g birthweight subgroup, the only statistically significant difference was that survivors born in 1991-92 had substantially lower rates of disability than those born in 1979-80 (p = 0.044).
In the 1979-80 cohort, the rate of neurosensory disability was worse in those of birth weight 500-749 g than in those of birth weight 750-999 g, but the difference was not quite statistically significant (x 2 test for trend = 3.47, p = 0.062). In the 1985-87 ELBW cohort, the rate of neurosensory disability was not significantly different in those of birth weight 500-749 g from those of birth weight 750-999 g (x 2 test for trend = 0.14, p = 0.71). In the 1991-92 cohort, the rate of neurosensory disability was significantly worse in those of birth weight 500-749 g than in those of birth weight 750-999 g (x 2 test for trend = 5.1, p = 0.024).
DISCUSSION
ELBW children in our study born in the 1990s had higher rates of neurosensory impairments and disabilities than did NBW children at age 8. Compared with ELBW cohorts from earlier eras, the rate of blindness fell substantially over time, as did the rate of overall disability. As the survival rate was so much higher for our 1990s ELBW cohort compared with our earlier regional ELBW cohorts, the absolute number of nondisabled survivors per year increased more than threefold since the late 1970s, far outstripping the relatively unchanged number of survivors per year with severe disability. Within the 250 g birthweight subgroups, survivors of birth weight 750-999 g had significantly lower rates of disability compared with those of birth weight 500-749 g in the 1991-92 cohort. Differences were not statistically different between birthweight subgroups for the earlier ELBW cohorts, but there were few survivors with birth weights of ,750 g in these earlier cohorts.
There are other reports of poorer neurological outcome at school age for ELBW or very premature survivors, both before 5 14 and after 15 the introduction of surfactant. However, we are unaware of any other studies that have reported an Table 3 Neurological disabilities at 8 years of age in birthweight subgroups in regional ELBW cohorts compared over three distinct eras improvement in neurosensory outcome at school age in ELBW children born within a defined geographical region in the post-surfactant era compared with outcomes within the same region before surfactant was introduced. Moreover, as the extra survivors in the 1991-92 cohort were predominantly in the higher risk birthweight category for adverse neurosensory disability (birth weight 500-749 g) yet considerably more non-disabled children survived compared with earlier cohorts, the improved neurosensory outcome for the 1991-92 cohort represents an even more important clinical improvement.
The strengths of this study are that the ELBW cohorts were geographically determined and hence not subject to referral biases, the follow up rates were high (.90% for ELBW cohorts), and the age of assessment was well into school age, by which time ascertainment of neurological impairments and disabilities is more certain than it is in early childhood. The weaknesses of the study include the non-ideal nature of the NBW comparison groups for the earlier ELBW cohorts as they were not exactly contemporaneous. In addition, there were few survivors of birth weight of ,750 g in the earlier cohorts, reducing the power to find statistically significant differences between the 250 g birthweight subgroups.
Another potential limitation is that the outcomes reflect perinatal practices from a decade or more ago and it may be argued that the results are not relevant to babies in the nursery today. However, this study provides the most accurate data on likely rates of neurological impairments and disabilities at school age in ELBW survivors, until superseded by more contemporary data. We recognise that assessment of children should incorporate outcomes beyond major neurosensory impairments and disabilities, as in this report. We have described elsewhere other outcomes for the 1991-92 children, including executive function 16 and other cognitive outcomes, 17 and reports of their behaviour and respiratory function are in progress.
The observation that neurosensory outcome for ELBW survivors improved between the 1970s and the 1980s, but no further in the 1990s, raises the possibility that some of the newer therapies, such as surfactant, although improving survival, might not reduce the rate and severity of neurological impairments in survivors. In support of this reasoning, reviews of the randomised controlled trials (RCTs) of surfactant therapy suggest that long term outcome is, if anything, only marginally improved following this intervention. 18 19 Another explanation might be that other therapies introduced or used more frequently in recent times could have adverse neurological consequences for survivors, for example postnatal steroid therapy to treat or prevent bronchopulmonary dysplasia, [20] [21] [22] that counterbalance any potential gains in outcome by therapies such as surfactant. Whatever the explanation, the higher rates of impairments and disabilities in ELBW survivors relative to NBW controls mean that newer techniques and therapies to improve neurosensory outcome must be sought, preferably through the most efficient study design, the RCT.
In conclusion, neurosensory disability rates at school age remain substantially more common in ELBW children compared with NBW controls, and were significantly more common in children with birth weights of ,750 g. On a positive note, not only are there now more survivors, but there has also been a substantial improvement in neurosensory disability rates at school age in ELBW survivors since the 1970s. [1] [2] [3] but were extremely difficult to visualise in the acute phase in vivo. 2 4 5 Recently, a full term boy was born after a caesarean section because of mild fetal distress. A cephalic version was performed at 38 weeks, but the pregnancy was otherwise uneventful. Umbilical arterial pH was 7.31, and Apgar scores were 8 and 9 at one and five minutes respectively. Birth weight was 3160 g. Twenty three hours after birth the baby developed left sided seizures with secondary generalisation. Seizures were treated effectively with phenobarbital, lidocaine, and midazolam. No infection, anaemia, or hypotension were demonstrated. Fifty six hours after birth, magnetic resonance imaging (MRI) was performed, which showed parasagittal changes (watershed infarcts) with diffusion weighted MRI. The apparent diffusion coefficient of water of these areas was 0.70 6 10 23 /mm 2 /s. T1 and T2 weighted MRI showed subtle changes of the white matter.
On the 8th day of life the patient was discharged home being fully breast fed. MRI at 3 months showed a slight increase in the frontal cerebrospinal fluid space, with minimal loss of differentiation between grey and white matter (fig 1) . Clinical examination at 6 months showed a normal early development.
We conclude that diffusion weighted MRI is an excellent technique for detection of watershed infarcts in vivo in neonates. These lesions may be partly reversible, as in our patient, although we expect to see gliosis in these areas in the second year of life. Further use of these MRI techniques and neurodevelopmental follow up will show the functional consequences of these brain lesions. 
